AbstrAct: Linear enamel hypoplasia (LEH) is treated as a nonspecific indicator of stress, but even so, many authors consider it the most reliable tool stress in anthropological research. Its analysis allows the reconstruction of health related to the socio-economic status of the group. This study documents and interprets patterns of LEH in Żerniki Górne (Poland), a settlement which was functional in the Late Neolithic and the Early Bronze Age. We examined two successive cultures: the Corded Ware Culture (CWC; 3200-2300BC) and the Trzciniec Culture (TC; 1500-1300BC). In total, there were 1486 permanent teeth (124 adult individuals). The frequency of LEH in the examined cultures shows a small rising trend. In these series from Żernik Górne, males showed a higher occurrence of LEH (16.5%) than females (13.4%). The earliest LEH appeared at similar ages at about 2.0/2.2 years and the last LEH occurred at about 4.2 years of age in both cultures. However, it is worth noting that periods associated with physiological stress were more common but not very long (four months on average) in the CWC. Longer stress periods (nine months on average) were associated with the TC.
er, that special attention is given to the Neolithic populations because of the significant cultural transformation from food collection to food production (e.g., Larsen 1995; Eshed et al. 2010; Molnar et al. 2011; Köhler et al. 2012) . Contemporary studies in Central Europe (e.g. Poland: Osłonki, Złota, Brześć Kujawski, Samborzec, Bronocice) prove that the directions of these changes are rather universal. There are source of evidences for stature reduction (length of long bones) (e.g. Gleń-Haduch 1995; Larsen 1995; Piontek 1999; Piontek and Vancata 2002) , or increases in LEH (e.g., Gleń-Haduch 1995; Krenz-Niedbała 1999 Haduch 2002 ) with the development of agriculture strategy.
The assessment of physiological stress on bone material (e.g., cribra orbitalia and length of long bones) is particularly interesting, but due to the high fragmentation of archaeological material it is not always possible to test these stress indicators (e.g., Gleń-Haduch et al. 1997; Piontek 1999; Keenleyside and Panayotove 2006) . However, odontological material is usually well preserved in archaeological sites, so studies of such material are frequently used in anthropological research (e.g., Berbesque and Doran 2008; Jackes 2009 ). Odontological research can provide much valuable information, facilitating improved knowledge of health conditions and understanding of the direction of biological transformations within a given population over the centuries. This is possible thanks to the morphological reaction of hard dental tissues to changing living conditions.
The most common indicator used in such research is enamel hypoplasia. It is the most common irregularity observed in the teeth, and is expressed as lines, grooves, or pits resulting from the death or reduced functioning of the ameloblasts and a consequent failure in the formation of the enamel matrix (e.g., Herring et al. 1998; Hillson and Bond 1997; Hillson 2002) . It is treated as a nonspecific indicator of stress, but, even so, many authors consider it the most reliable tool in anthropological researches (e.g., Larsen 2003; Boldsen 2007; Griffin and Donlon 2009; Temple 2010) . In the etiology of hypoplastic changes in tooth enamel, three main classes of factors have been listed: general (systemic), local, and genetic. The presented characteristics of the distinct types of enamel hypoplasia are an important prerequisite for attempts aimed at reconstructing the level of health and, indirectly, also the economic and social status of the examined population. In this respect, the changes classified as general-systemic hypoplasia are most relevant (Hillson and Bond 1997; Hillson 2002; King et al. 2005; Ritzman et al. 2008) .
The relationship between oral health and social status has been documented in archaeological settings, particularly during the transformation from foraging to agriculture (e.g., Larsen 1995 Larsen , 2003 Wright 1997; Krenz-Niedbała 2001; Temple 2010) .
The present paper focuses on linear enamel hypoplasia (LEH), which was observed in the populations of Żerniki Górne (Poland) representing two cultures dated in the Late Neolithic (Corded Ware Culture -CWC) and Early Bronze Age (Trzciniec Culture -TC).
Żerniki Górne is one of the more important archaeological locations of southeastern Poland. It is a village situated on a plateau of loess in the BuskoZdrój district (50°28'N, 20°48'E) (Fig. 1) . The CWC represents the last part of the Stone Age. It developed between 3200 and 2300BC, although 14 C analysis of 10 samples allowed us to date the oldest part of the cemetery in Żerniki Górne as 4160±50 to 3900±55 BP (Kempisty and Włodarczyk 1996; Wierzbicki 1999) . The younger culture found in Żerniki Górne (TC) flourished between 1500 and 1300 BC.
The lifestyle of the CWC period is still the subject of controversy, because the CWC settlement is not well-known. Generally, researchers propose two hypotheses. According to one, the people of the CWC relied on a mixed or semi-nomadic economy. This lifestyle included farming, pasturing, and hunting (Gleń -Haduch 1995; Janowska 1999; Piontek 1999) . It is possible that hunting for animals along the way compensated for losses of pasture animals and resultant food shortages. The small number of remains of pigs further strengthens the hypothesis of a wandering lifestyle (Kruk 1980; Kruk and Milisauskas 1999) . According to the second hypothesis the economy of the CWC was based on typical agriculture, suggesting that these were predominantly sedentary communities. Archaeobotanical research confirms the presence of barley seeds (Hordeum vulgaris), wheat grains (Triticum monococum), oats (Avensa sp.), lentils (Lens esculenta), and peas (Pisum sativium) (Tunia 1986; Kruk and Milisauskas 1999; Jankowska 1999) . Still, it is hard to decide explicitly which of the hypotheses is more reliable. The TC is associated with a typical agricultural and settlement lifestyle (Gleń-Haduch 1995; Kardow and Machnik 1997) . Archaeozoological research has proved that the people of the TC bred animals and were involved in farming (remains of corn, signs of ploughing), hunting, and gathering (accumulation of sea-shells and turtle hulls).
The frequency of LEH increased in other series from Poland (e.g., Osłonki, Złota, Słonowice) following the transformation to intensive agriculture (Gleń -Haduch 1995; Krenz-Niedbała 1999; Haduch 2002) . According to these observations, we can put forward the following hypothesis: if the strategy of the CWC population was based on typical farming, the frequency of LEH should be similar to that among the TC population, whose agricultural and settlement lifestyle are confirmed by the archaeological sources (Bahn 1992; Kardow and Machnik 1997) . The difference in the patterns of lifestyle connected with economic change allows us to argue that in these periods LEH should be different as its frequency should be higher in the period associated with typical agriculture (TC) than in the period associated with the mixed or semi-nomadic lifestyle (CWC).
Materials and methods
This study concerns the dentition of 124 adult individuals (37 from the CWC; 87 from the TC) (Table 1 ). In our analyses we used 1486 permanent teeth (M3 -110, M2 -229, M1 -245; P2 -198; P1 -177, C -243, I2 -154, I1 -130) (Table 2) . Only those individuals where it was possible to determine sex and age were selected for analysis. The remains are stored in the State Archaeological Museum in Warsaw (Poland).
Before the study, every tooth was cleaned with a brush and, when necessary, washed in alcohol to remove the remaining grime. Enamel defects were observed according to a macroscopic method; we used a CL-D 10× magnifying glass with an additional source of light. At this stage of the project we could not conduct scanning electron micro scope (SEM) analyses. The research was conducted only on those materials which had at least two teeth with defects. It is assumed that local hypoplasia is not a population-wide factor (Suckling et al. 1987; Zilberman et al. 2004) .The defects were then organized with the use of the Developmental Defects of Enamel Index (DDE): 0 -normal, 1 and 2 -opacity (white or brown patches on the surface of the enamel), 3 -pits, 4 -horizontal grooves and/or lines (LEH), 5 -vertical grooves and/or lines, 6 -missing enamel on a certain part of the surface (FDI 1982) . But in this study we focused only on LEH (according to DDE No. 4). The frequency of LEH was calculated on the basis of all teeth (posterior and anterior) ( Table 2) .
The location of LEH makes it possible to establish the age when these defects occurred, using the developmental standards of Reid and Dean (2000; 2006) . This method involves the allocation of hypoplastic defects within a broad developmental phase (the rate of enamel growth is not constant but decreases from the tip to the cervical margin), and it eliminates the need to correlate the specific age with any given hypoplastic defects. Our analyses were narrowed down to include only the anterior teeth which were well preserved (Goodman and Rose 1990; Guatelli-Steinberg 2003) .Some defects are most frequently found in the upper part of the crown. So, in the analysis of LEH, the teeth whose crowns were excessively damaged were omitted in order Smith's scale (1984) . We selected 138 anterior teeth with LEH. They belonged to 55 individuals of both sexes ( Table  3) . Crown heights were measured with a caliper (0.01 mm) from the cementoenamel junction (CEJ) to the apex on the vertical plane bisecting the labial surface of the teeth. These measurements were converted into the approximate ages of development based on the timing of enamel formation. We used the standards for northern European populations (Reid and Dean 2006) . The Chi-square test was used to explain the significant differences in LEH tooth frequencies between the CWC and TC, or, more simply, to account for the presence or absence of enamel hypoplasia independently of temporal periods. The results were classified as statistically significant if p ≤ 0.05.
Results
The first step was to estimate the frequency of LEH in the population of Żerniki Górne. Among the 124 individuals examined, LEH was found in 68, which means that the defect affected 55% of the population.LEH affected 51.3% (19/37)of the individuals from the CWC period and 56.3% (49/87) from the TC period. However no statistically significant difference between the periods was observed.
In the specimens examined, LEH occurred most often on the lower and upper canines, followed by the upper and lower incisors. Among the posterior teeth, LEH was observed especially on the premolars ( Table 4) .
Out of 1486 specimens examined, LEH occurred in 228 cases, which means that 15% of the teeth were affected. Since the research was conducted on the populations that lived in Żerniki Górne during two different periods, it was interesting to consider the differences between the numbers of teeth affected by LEH. A rising trend is visible, with a smaller frequency being found among the people of the CWC and a higher frequency in the TC. However the difference in the occurrence of LEH between the two cultures does not seem to be statistically significant (χ 2 =1.05, df=1, p=0.30)( Table 5) . LEH occurs more often in males (15%) than females (10%) in the CWC. But the observed difference is not statistically significant (χ 2 =1.79, df=1, p=0.18). A similar finding in the TC enamel hypoplasia was observed in 17% of males and 14% of females (χ 2 =1.05, df=1, p=0.30) ( Table 5) .
The next step in the research was to perform a reconstruction of the age when LEH emerged on anterior teeth. LEH first occurred most often on central maxillary incisors in the CWC at about 2.4-2.9 years of age. LEH was next observed in the CWC between 3.4 and 3.9 years of age. In the TC the LEH on central maxillary incisors was observed at about 2.0-2.9 years of age. LEH on lateral maxillary incisors was formed in both cultures between 2.4 and 2.7. With regard to the CWC, the in- itial factors which influenced damage to ameloblasts in maxillary canines were estimated to occur at 2.2 to 2.4 years and later at 2.7 to 3.0 years. However in the TC only one defect was observed at about 3.0-3.8 years. The same analysis was estimated on the basis of mandibular canines: the peaks of LEH correspond with the following ages: 2.3-2.7 and 3.6-4.2 years in the CWC and 3.1-4.2 years in the TC. On lateral mandibular incisors the LEH was formed in the CWC between 2.4 and 2.8 and in the TC 2.8-3.3 years of age. The earliest LEH appeared at similar ages of about 2.0/2.2 years and the last LEH occurred at about 4.2 years in both cultures. However, it is worth noting that periods associated with physiological stress were more common but not very long (four months on average) in the CWC. Longer periods of stress (nine months on average) were identified in the TC. In general, LEH occurs on the anterior teeth in the CWC at about 2.5-2.9 years of age. Moreover, in the CWC we observed the next damage to ameloblasts at the age of about 3.5-3.9 years. In the TC we observed only one, long period of stress, which started at about 2.5 years and lasted about fourteen months, finishing at about 3.9 years of age (Table 6 ).
Discussion
The frequency of LEH in the examined cultures shows a small rising trend (Table 5). However, it is difficult to provide an explicit interpretation of the lack of any statistical significance. It is obvious that the greater frequency of LEH indicates an increase in physiological stress (e.g., Goodman and Armelagos 1988; Hillson and Bond 1997; Hillson 2002; Larsen 2003; Temple 2010) . It is worth noticing that a rise in the frequency of enamel hypoplasia has also been found in other comparative studies of the CWC with the Lengyel Culture, which is associated with farming (e.g., Krenz-Niedbała 1999; . A rising trend can also be observed in the Neolithic and Early Bronze samples from Terento (Italy). The investigation of the LEH showed an increased frequency of enamel disruption from the Neolithic to the Early Bronze Age population (Cucina 2002) . Generally, the rise of LEH can be explained, paradoxically speaking, by the "invention" of the sedentary way of life. The populations which decided to become farming societies limited their meat consumption in favour of cereal products. Human communities which relied on a mixed economy had many different possibilities for obtaining food (farming, pasturing, and hunting). In case one of these elements were to fail, there was always an alternative way of getting food. In the farming societies, on the other hand, both men and women took part in farming and breeding, and therefore the whole population suffered from food shortages when there were bad crops or natural disasters. Moreover, the sedentary way of life resulted in a higher population density. This created favourable conditions for pathogens to cause various diseases. These conditions could include factors such as accumulated litter (cholera, typhoid), contact with domesticated animals (aphthosa, anthrax, tuberculosis), or even the irrigation and artificial fertilization of fields (trichinosis, echinococcosis) (Larsen 1995; Armelagos et al. 1996; Aufderheide and Rodríguez-Martín 2008; Temple 2010 ). However, we did not observe significant differences in the frequency of LEH between the groups from Żernik Górne. This means that the economies of the CWC and TC were not significantly different. A small, but not statistically significant, difference in the frequency of LEH may suggest that the economic changes occurring during this time were not sufficiently stressful to cause a dramatic deterioration in health in the TC. But we should remember that our interpretation has relied on a limited number of individuals. LEH analysis is often connected with sexual dimorphism (e.g., Guatelli-Steinberg and Lukacs 1999; Hillson 2002; Bonfiglioli et al. 2003; Larsen 2003; Berbesque and Doran 2008) . Sex differences in the frequency of LEH are highly variable. The differences between males and females are usually explained by means of cultural factors or biological evidence. The former may include favouring a particular sex-group, which basically involves better care-giving by parents and locals, or better nutritional conditions (including longer breastfeeding). Cultural influence may therefore weaken the stressing factors that cause enamel hypoplasia (Guatelli-Steinberg and Lukacs 1999).This explanation can be found in Goodman, whose research was based on children from Solis (Mexico) (Goodman et al. 1987) . Similar arguments are provided by May and co-authors (1993) , who reported that girls in contemporary Guatemala have a higher frequency of enamel hypoplasia than boys. The authors connect this phenomenon with a cultural factor -the preference for a son within the family. The biological explanation for the difference in the frequency of LEH, on the other hand, is based on the assumption that male organisms have a higher eco-sensitivity (vulnerability) to environmental stimuli. This means that boys are more susceptible to food shortages (which are stress factors causing enamel hypoplasia). While female organisms are less susceptible to adverse factors due to procreative functions: pregnancy, lactation, and care for the offspring (Hoyenga and Hoyenga 1982; Guatelli-Steinberg and Lukacs 1999) . Such an explanation can be formulated on the basis of the evidence found in the Pada cemetery (Estonia), dated at the Late Iron Age. Men buried there had suffered from LEH more often than the females had. A higher social status of the female in Estonia could account for the lower frequency of metabolic stress among the girls (Limbo 2006) . However, most of the research conducted on both historical and modern populations shows a tendency for one of the sexes to suffer from LEH more often; the differences, though, are not statistically relevant (e.g., Henneberg and Henneberg 1989; Guatelli-Steinberg and Lukacs 1999; Tomczyk et al. 2007) . The lack of statistical significance makes it difficult to construct a reliable and definite model of dependency of the occurrence of the enamel hypoplasia on sex. This is also true for the population of Żerniki Górne; in the samples studied, we observed a tendency, albeit statistically insignificant, toward a higher LEH in males than in females in both cultures. This is also confirmed by other studies that have compared the populations of the CWC (Żerniki Górne and Złota) and the Lengyel Culture (Osłonki) from Poland (Krenz-Niedbała 1999; .
LEH is most common on anterior teeth, and this fact was observed in both populations from Żerniki Górne. It corresponds with our knowledge about the times of the mineralization processes, which are different for different types of teeth (e.g., Hillson and Bond 1997; Liversidge 2000; Berbesque and Doran 2008) .
Generally speaking, the CWC population tended to show a shorter duration (four months on average) of physiological stress, in contrast to the TC, for whom stressful events lasted longer (nine months on average). It is difficult to explain this phenomenon clearly, but it could be connected with deteriorations in living conditions. The intensification of agriculture might have led to bad health of the population (increase in population density) and epidemiological consequences. It might mean that the economic strategy of the CWC provided the local population with better protection from environmental disturbances than the later strategy of the TC. Probably the economy of the population from the CWC was not based on typical farming but was rather a mixed economy. Combining farming, pasturing, and hunting as a strategy for producing food minimized the risk of famine in the case of drought or other environmental disruptions (Gleń-Haduch 1995; Janowska 1999; Piontek 1999) .
Some anthropological studies suggest that the enamel hypoplasia which occurs between the ages of two and four years in archaeological samples should be connected with the negative effects of weaning (Armelagos et al. 1996; Wright 1997; Herring et al. 1998; Bonfiglioli et al. 2003) . This is a dangerous period of childhood and very often has some impact on the distribution of dental lesions. Breast milk is a significant component of diet and helps to develop the child's immunological system. However, this conclusion could also be called into doubt. Firstly, there are limitations concerning inferring the weaning age in past populations based on the occurrence of LEH. As we know, enamel hypoplasia has a number of causes, and is therefore a nonspecific stress indicator. Secondly, one ought to remember that weaning is not an abrupt event but rather a gradual process connected with the slow introduction of solid food (Larsen 1995; Wright 1997; Villalpando 2001; Marlowe 2005; Clayton et al. 2006) . So, some authors doubt whether weaning stress could lead directly to LEH; thus in the end it may prove to be coincidental rather than factual (Katzenberg et al.1996; Larsen 2003) . It is obvious that weaning practice depends on many factors, such as socioeconomic status, health of the woman, region, and local habits. Despite this, the samples from the CWC and TC exhibit a similar pattern of the earliest LEH distribution. The earliest defects appeared in both cultures at a similar age (2.0-2.2 years). If we accept the thesis that the earliest defects are a result of weaning stress, we can suggest analogous environmental adaptations. As is well known, in many hunter-gatherer populations weaning took place between three and four years of age (Goodman et al. 1984; Villalpando 2001; Marlowe 2005; Clayton et al. 2006) . However, the weaning period shortened in agricultural and industrial populations. It is therefore unlikely that the CWC culture represented a typical hunting-gathering economy. This means that the CWC strategy relied rather on a mixed economy which transformed to intensive agriculture in the TC. Still, the results still need to be supported by isotopic research.
Conclusions
The results presented above allow us to formulate the following conclusions: i)
There is a small rising trend in the frequency of LEH, but it appears that the economic changes occurring at this time were not sufficiently stressful to cause a dramatic deterioration in health in the TC. ii) The lack of statistical significance makes it difficult to construct a reliable and definite model of dependency of the occurrence of the enamel hypoplasia on sex. iii) The shorter duration of physiological stress in the CWC may suggest that the local population was better protected against environmental disturbances than later in the TC.
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